weirs are the most commonly used device in channels for flow measurement and flow regulation due to its simplicity. Conventional rectangular, triangular and trapezoidal weirs are among the most common oldest types of weirs, progress ogee crest weir and cylindrical weirs are started to use in hydraulic engineering. The advantages of the circular weir shape are the stable overflow pattern compared to sharp-crested weirs, the ease to pass floating debris and the simplicity of design. The concern of this paper is to study the effect of size and surface roughness of cylindrical weirs on discharge coefficients (Cd) under different flow conditions.
Experimental Setup and Procedure:
The experiments were conducted in a horizontal rectangular flatbed flume 10.0 m long, 30cm wide and 45cm high. The flume has glass-sided walls and smooth aluminium flatbed. A sharp-crested weir 35cm height and 30cm width was fixed at 2m downstream from the flume inlet, the weir calibrated and used as a measuring device for the entering flow see fig.1 . The flume was provided with various screens upstream and downstream of the sharp-crested weir in order to improve the approach flow. Three cylindrical size with a diameters (D = 7.62cm, 10.16cm, and 15.24 cm) were used as a cylindrical weir, and for each diameter of cylinder three types of surface roughness were used, the first set was smooth PVC and second coated with a uniform sand D 50 =1.2 mm (D 50= is the sieve diameter in which 50% of material are finer) while the third covered by gravel of D 50 = 2.5mm .Nine cylinders where used to conduct the experimental work. In each run the selected cylinder was inserted along the width of the flume at a distance 3.5m downstream sharp weir, then the pump started at desired flow rate and after the flow uniformity was verified the water surface level upstream and above the cylindrical weir where measured using point gauge. The rate of the supplied flow at each experiment was controlled by electrical board of the flume pump and measured by the sharp-crested weir. In all experiments the downstream face of the cylinders was not ventilated. Fig.2 shows the water profile above the wire for cylinder type 3 (Diameter 15.24 cm Coated with gravel D 50 = 2.5 mm). For each kind of cylinder a series of tests under different flow rates are conducted. A total of 45 runs were conducted at the experimental work. 
Results and Discussion:
For ideal fluid flow the maximum discharge per unit width (qw ) at a weir crest equals:
Where g (m 2 /sec)is the gravity acceleration and H (m) is the upstream total head above the weir crest. Equation (1) derives from the Bernoulli equation assuming hydrostatic pressure distribution at the crest and a uniform velocity distribution for a rectangular channel [16] . In practice the observed discharge differs from equation (1) because the pressure distribution on the crest is not hydrostatic and the velocity distribution is not uniform [16] . Usually the flow rate is expressed as:
Where Cd is the discharge coefficient. It equals unity for an ideal flow condition. By using the Eq.2 and data obtained from the experimental work the values of Cd for each weir under different rates of flow has been calculated in order to explore the effect of size and surface roughness of cylindrical weir on the value of the Cd. These figures show that Cd values decreases with the increase in surface roughness and this attributed to the fact that an increasing in roughness of cylinder will lead to increase in the head of the water, and according to Eq.1: if the discharge has fixed at constant value, any increase in H value will faced by reduction in Cd value. To clarify numerically the effect of discharge, cylinder size and surface roughness on Cd value, the percentage of changes in Cd values with the percentage increase in discharge, cylinder diameter, and surface roughness are calculated as shown in Tables 1, 2, Table 2 : Shows the rate of decrease in Cd value due to increase in cylinder diameter. Generally, it seems that an increase in weir diameter from 7.62cm to 10.16cm ( 33% increase) make a reduction in Cd value about 5.3% While an increase in weir diameter from 7.62cm to 15.24cm (100% increase) reduce Cd values around 6.6% . 103% Table 3 shows that for the same cylinder and under equal flow rate an increase in surface roughness of the weir from D 50 = 0mm (PVC) to D 50 = 1.2mm makes a reduction in Cd value around 6.5%( as an average value), while an increase from D 50 = 0mm to 2.5mm makes a reduction about 13% . Generally this means that an increase in surface roughness of weir make a reduction in Cd values .
Variation of Cd with (h/R):
The dimensional analysis for the variables affecting Cd value of weirs [16] shows that the value (P/h) (Where P height of the weir, h is head of the water on the weir), has a greatest influence on Cd value, in this research the value of R (R= radius of the cylinder) was used instead of P value in order to see the effect of h/R on Cd values of cylindrical weirs. The calculated values of h/R are plotted against the Cd values for each cylinder and for each surface roughness's as shown in Figs 9,10 and 11. The figures shows that Cd value increase with increasing in h/R values for all the cases. Also it's evident from these figures that the gradient of the curve fit the points are decrease with increase in cylinder diameter, this means that the effect of h/R on Cd values will increase with increase in cylinder diameter.
The data obtained from the experimental work are used to obtain general empirical formula to calculate the discharge coefficients of circular crested weirs under different surface roughness. The nonlinear regreation analyses are used for this purpose. The obtained equation was in the following form. To explain the effect of surface roughness on water head the values of h are plotted against discharge for different roughness and for each size of cylinder as shown in Fig 16, for cylinder size D=7.62cm as an example, its clear from the figure that there is an increases in h values with increase in roughness of the weir surface and this attributed to restricting action of surface roughness to the following flow. To expose the rate of effect of surface roughness on head of water behind the wire the percentage of increase in h values are calculate for each cylinder as shown in table 4. Table 4 shows that the effect of increase in surface roughness on h values are large in small cylinder than large ones, the rate was (12.5-21.875) to (5.88-10.5) for cylinder 7.62cm, and (0.26-5.9) to (8.1-10.7) for cylinder 10.16cm, and (0.26-7.32) to (8.1-10.46) for cylinder 15.24cm. This mean that surface roughness have more effect on the water head under small size cylinders and this effect decays with increase in size of cylinder and rate of the flow.
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